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(54) Process and apparatus for forming plastic sheet 

(57) Disclosed is an apparatus for formation of high 
quality plastic sheet in a continuous fashion. Also dis- 
closed are a variety of optical and electronic display 
applications for high quality plastic sheet produced in a 
continuous fashion. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a process s 
and apparatus for forming plastic sheet. In particular, 
the present invention relates to a process and appara- 
tus for forming plastic sheet having low residual stress 
and high surface quality. Plastic sheet formed according 
to the process of the present invention is particularly 
useful in optical and electronic display applications, 
such as, for example, optical windows, optical filters, 
recording media, and liquid crystal displays ("LCD"). 
[0002] Sheets of optical quality glass or quartz are 
used in electronic display applications as "substrates." 
In such applications, a "substrate" is a sheet of material 
used to build an electronic display. Such substrates can 
be transparent, translucent or opaque, but are typically 
transparent. In general, such sheets have conductive 
coatings applied thereto prior to use as substrates. 
Such substrates often have stringent specifications for 
optical clarity, flatness and minimal birefringence, and 
typically must have high resistance to gas and solvent 
permeation. Mechanical properties such as flexibility, 
impact resistance, hardness and scratch resistance are 
also important considerations. Glass or quartz sheets 
have been used in display applications because these 
materials are able to meet the optical and flatness 
requirements and have good thermal and chemical 
resistance and barrier properties; however, these mate- 
rials do not have some of the desired mechanical prop- 
erties, most notably low density, flexibility and impact 
resistance. 

[0003] Because of the mechanical limitations of 
glass or quartz sheet in optical or display applications, it 
is desirable to use plastic sheet in such applications. 
Although plastic sheets have greater flexibility, are more 
resistant to breakage, and are of lighter weight than 
glass or quartz sheets of equal thickness, it has been 
very difficult to produce plastic sheet having the requi- 
site optical specifications needed for use in optical and 
display applications at reasonable costs. Moreover, 
many types of plastic sheet undergo unacceptable 
dimensional distortion when subjected to substrate 
processing conditions during manufacture of the display 
devices, particularly with respect to temperature. 
[0004] There are several commercially utilized 
methods for producing plastic sheet and film, including 
casting, extrusion, molding, and stretching operations. 
Of these methods, several are not suitable for producing 
high quality plastic sheet. As used throughout this spec- 
ification, the term "high quality" is used to describe plas- 
tic sheet having the following characteristics: low 
surface roughness, low waviness, low thickness varia- 
tion, and minimal amount of polymer chain orientation 
(for example, as measured by asymmetric physical 
properties, birefringence or thermal shrinkage). 
[0005] For example, injection molding is likely to 



produce high amounts of polymer chain orientation, 
especially for thin sheets (/' e., 1 mm thickness or less), 
due to the flow of molten plastic into the mold, which 
unacceptably increases birefringence for polymers with 
non-negligible photoelasticity (stress optic) coefficients. 
Injection compression molding is an improved molding 
process which allows squeezing of the polymer after 
injection for the purpose of improving surface quality 
and reducing polymer chain orientation. However, even 
with these improvements, injection compression mold- 
ing has limited ability to produce high quality sheet. 
[0006] Compression molding and press polishing 
may be used to produce sheets with good surface qual- 
ity; however, the squeezing flow inherent in such proc- 
esses results in polymer chain orientation which results 
in unacceptable shrinkage during thermal cycling. 
Moreover, these processes are not continuously opera- 
ble and therefore increase labor and production costs. 
[0007] Stretching operations (for example, for the 
production of uniaxialiy- or biaxially-oriented films) and 
blown film extrusion inherently introduce large amounts 
of polymer chain orientation and are unsuited for the 
production of high quality plastic sheet. 
[0008] Solvent casting can be used to produce high 
quality film; however, there are practical limitations to 
the maximum film thickness which can be produced by 
this method. In addition, the solvent used in the casting 
must be removed after formation of the sheet. 
[0009] Sheet extrusion is run as a continuous oper- 
ation, but this process introduces unacceptable polymer 
chain orientation due to the nature of the polymer flow in 
the die and between the polished rollers in the roll stack. 
[0010] There is therefore a continuing need for a 
method for producing relatively inexpensive, high quality 
plastic sheet in a continuous fashion, wherein the result- 
ant plastic sheet is capable of use as a substrate in opti- 
cal and electronic display applications. 

STATEMENT OF THE INVENTION 

[001 1 ] The present invention is directed to an opti- 
cal storage medium comprising one or more layers of 
high quality plastic sheet; a reflective or semiref lective 
layer disposed on at least one side of the sheet; and 
optionally a protective layer disposed on at least one 
side of the sheet; wherein the plastic sheet is produced 
by the process comprising the steps of: a) providing 
molten plastic resin; b) directing the molten plastic resin 
to an overflow die having an inlet and an outlet; c) shap- 
ing the molten plastic resin into a molten web using said 
overflow die; d) guiding said molten web away from said 
overflow die; and e) cooling said molten web to form a 
solid sheet. 

[0012] The present invention is also directed to an 
apparatus for producing high quality plastic sheet, com- 
prising: a) a source for providing molten plastic resin; b) 
an overflow die having a length and a width, comprising: 
a substantially egg-shaped cross-section culminating in 
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an apex, a conduit opening, and a metering arrange- 
ment connected with said conduit opening, wherein the 
molten plastic resin flows into the die through the con- 
duit opening, out of the die through the metering 
arrangement, and around the sides of the die to form a 
molten web at said apex; c) means for delivering said 
molten plastic resin from said source to said overflow 
die; d) guidance means for guiding said molten web 
away from said overflow die; e) means for filtering dis- 
posed between said delivery means and said overflow 
die; and f) means for mixing disposed between said fil- 
ter means and said overflow die. 
[001 3] The present invention is further directed to a 
substrate for liquid crystal display comprising a high 
quality plastic sheet having an electronic component 
disposed on at least one side of the sheet; wherein the 
plastic sheet is produced by the process comprising the 
steps of: a) providing molten plastic resin; b) directing 
the molten plastic resin to an overflow die having an 
inlet and an outlet; c) shaping the molten plastic resin 
into a molten web using said overflow die; d) guiding 
said molten web away from said overflow die; and e) 
cooling said molten web to form a solid sheet provided 
that when the plastic resin is a polycarbonate, it does 
not contain as bisphenol components (1) 1,1-bis(4- 
hydroxyphenyl)-3,3,5-trimethylcyclohexane; (2) a mix- 
ture of 2,2-bis(4-hydroxyphenyl)propane and 1,1-bis(4- 
hydroxyphenyl)-3,3,5-trimethylcyclohexane; a blend of 
(1) and (2); or a blend of (1) or (2) with a second poly- 
carbonate containing as a bisphenol component 2,2- 
bis(4-hydroxyphenyl)propane. 
[001 4] The present invention is further directed to a 
magnetic storage medium comprising a high quality 
plastic sheet having a magnetic layer disposed on at 
least one side of the sheet; wherein the plastic sheet is 
produced by the process comprising the steps of: a) 
providing molten plastic resin; b) directing the molten 
plastic resin to an overflow die having an inlet and an 
outlet; c) shaping the molten plastic resin into a molten 
web using said overflow die; d) guiding said molten web 
away from said overflow die; and e) cooling said molten 
web to form a solid sheet. 

[001 5] The present invention is further directed to a 
3-dimensional optical storage medium comprising a 
high quality plastic sheet having dispersed therein one 
or more pigments, dyes or mixtures thereof, wherein the 
pigments, dyes or mixtures thereof undergo a change in 
optical properties locally upon exposure to light; 
wherein the optical storage medium is produced by the 
steps of: a) providing molten plastic resin; b) directing 
the molten plastic resin to an overflow die having an 
inlet and an outlet; c) shaping the molten plastic resin 
into a molten web using said overflow die; d) combining 
the dye, pigment or mixture thereof with the molten 
plastic resin prior to shaping the molten resin into a web 
using said overflow di ; e) guiding said molten web 
away from said overflow die; and f) cooling said molten 
web to form a solid. 
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[0016] The present invention is still further directed 
to a method of preparing an optical storage medium 
having information encoded thereon comprising the 
steps of producing a high quality plastic sheet by the 

5 process comprising the steps of: a) providing molten 
plastic resin; b) directing the molten plastic resin to an 
overflow die having an inlet and an outlet; c) shaping the 
molten plastic resin into a molten web using said over- 
flow die; d) guiding said molten web away from said 

10 overflow die; e) cooling said molten web to form a solid 
sheet; coating the sheet with a polymer film; and encod- 
ing information on the coated sheet by embossing. 
[001 7] The present invention is further directed to a 
light management film comprising a high quality plastic 

75 sheet having a structured surface, wherein the film is 
produced by the steps of: a) providing molten plastic 
resin; b) directing the molten plastic resin to an overflow 
die having an inlet and an outlet; c) shaping the molten 
plastic resin into a molten web using said overflow die; 

20 d) guiding said molten web away from said overflow die; 
e) cooling said molten web to form a solid sheet; and f) 
providing a structured surface to the sheet before, dur- 
ing or after cooling. 

25 BRIEF DESCRIPT ION OF THE DRAWING 

[0018] 

Figure 1 is a frontal view of a typical apparatus of 

30 the present invention. 

Figure 2 is a side view of the apparatus of Figure 1 . 
Figures 3A-3C are close-ups of overflow die 20. 
Figure 3A is a perspective view of the die with heat- 
ing manifold attached. Figure 3B is a top view of the 

35 die; and Figure 3C is a side view of the die. 

Figure 4 is a cross-sectional view of overflow die 
20. 

Figures 5-7 are alternate embodiments of the over- 
flow die of the present invention. Figure 5 illustrates 
40 an overflow die having a series of holes in place of 
the slot 22 of die 20; Figure 6 illustrates an overflow 
die having a non-tapering slot; and Figure 7 illus- 
trates an overflow die having a "'coathanger" 
arrangement. 

45 

DETAILED DESCRIPTION O F THE INVENTION 

[0019] As used in this specification, the following 
terms have the following definitions, unless the context 

so clearly indicates otherwise. "Glass transition tempera- 
ture" or "Tg" is the midpoint of the narrow temperature 
range over which polymers change from being relatively 
hard and brittle to relatively soft and viscous (rubbery). 
"Plastic" refers to polymer, such as thermoplastic poly- 

55 mers, which can form sheets. The terms "polymer" and 
"resin" are used interchangeably throughout the specifi- 
cation. "Sheet" refers to a sheet having a thickness of 
about 25 mm or less, and is intended to include "films" 
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(sheets having thickness of < 0.5 mm). "Shrinkage" 
refers to an irreversible dimensional change that occurs 
in a sheet subjected to a heat-cool cycle. The terms 
"Bisphenol A" and "2,2-bis(4-hydroxyphenyl)propane" 
are used interchangeably throughout the specification. 
"Bisphenol A polycarbonate" refers to a polycarbonate 
containing bisphenol A and phosgene. The following 
abbreviations are used in the specification: cm = cen- 
timeters); mm = millimeter(s); nm = nanometer(s); \i = 
micron(s) (micrometers); g = gram(s); mL = milliliters; 
Pa = Pascals; kPa = WloPascals; Pa-s = Pascal-sec- 
onds; sec = second(s); mm = minute(s); hrs = hour(s); 
UV ultraviolet, and IR = infrared. All temperature refer- 
ences are °C unless otherwise specified. Ranges spec- 
ified are to be read as inclusive, unless specifically 
identified otherwise. 

[0020] The high quality plastic sheet formed by the 
process of the present invention can be used in a 
number of applications, including but not limited to: sub- 
strates for electronic display devices, such as LCD and 
electroluminescent displays; substrates for microoptic 
lens arrays and light directing films; optical windows and 
filters; waveguide optics; substrates for optical, mag- 
netic, chemical or other types of storage or recording 
media; substrates for imaging, such as for photographic 
or x-ray applications; substrates for diagnostic systems; 
and substrates for electronic circuits. 
[0021] A sheet or film of the present invention is 
suitable for use as a substrate of an electronic display 
device, for example a liquid crystal display device. Such 
substrates are often coated with one or more coating 
layers prior to applying a conductive coating, or a layer 
of active electronic devices, for example thin film tran- 
sistors or diodes. The types of coatings that may be 
applied include crosslinked coatings, barrier coatings 
and conductive coatings. 

[0022] A crosslinked coating layer may improve sol- 
vent resistance, abrasion resistance, and may promote 
adhesion between the plastic substrate and a subse- 
quent coating layer (for example, between an organic 
and an inorganic coating). Crosslinked coating layers, if 
used, may be applied to one or both sides of the plastic 
substrate. 

[0023] A barrier layer is a coating which reduces 
gas or moisture permeation. The composition of a bar- 
rier layer may be organic, or inorganic. A barrier coating 
may also be useful as a solvent resistant coating if the 
material of the barrier coating is solvent resistant and 
can prevent or reduce significantly the migration of such 
solvent(s) to the plastic sheet. Barrier layers, if used, 
may be applied to one or both sides of the plastic sheet. 
[0024] The substrate of the present invention may 
be coated with a conductive layer for use in optical dis- 
plays. For example, if the substrate is to be used in a liq- 
uid crystal display (LCD), an electronic component is 
required on at least one side of the substrate. Typically, 
the electronic component is applied only to one side of 
the substrate, the side which will be "inside" the LCD 



cell and closest to the liquid crystal. In the alternative, 
the electronic component may be applied to both sides 
of the substrate. In another embodiment, one or more 
layers of protective coatings, color filter coatings, or bar- 

5 rier coatings are disposed between the substrate and 
the electronic component. Suitable electronic compo- 
nents include, but are not limited to a layer of active 
electronic devices or a conductive layer. Such sub- 
strates comprising a layer of active electronic devices 

io are especially suitable for use in LCDs. 

[0025] Substrates of the present invention may be 
incorporated into a liquid crystal display cell by incorpo- 
rating materials and processes similar to those in W. C. 
O'Mara, Liquid Crystal Flat Panel Displays. Van Nos- 

is trand Reinhold, New York (1993). The process of form- 
ing a liquid crystal cell from substrates may include one 
or more of the following steps: patterning a clear con- 
ductive film on at least one substrate using a photolitho- 
graphic process, applying a liquid crystal alignment 

20 material to the conductive coating on the two sub- 
strates, rubbing the alignment layers to impart the align- 
ment characteristics to the substrates, applying spacer 
particles to at least one substrate, applying an edge 
seal to at least one substrate, contacting the two sub- 

25 strates in the proper orientation with conductive layers 
facing each other, curing the edge seal, injecting liquid 
crystal into the narrow gap formed between the sub- 
strates, and sealing the gap. The substrates of the 
present invention may be used in all types of liquid crys- 

30 tal display cells, including those types that incorporate a 
composite of liquid crystal and polymer, those for which 
the display picture elements are addressed actively by 
electronic devices on the substrate (active matrix dis- 
plays), and those for which the display picture elements 

35 are addressed passively (so called passive matrix dis- 
plays). 

[0026] The sheet of the present invention is suitable 
for use as a substrate in optical storage media. Suitable 
optical storage media include, but are not limited to: 
40 compact discs, recordable compact discs, read/write 
compact discs, digital versatile discs, recordable digital 
versatile discs, read/write digital versatile discs, and 
magneto-optical discs. 

[0027] Compact discs ("CD") and digital versatile 
45 discs ("DVD") contain information encoded as pits and 
grooves on a polymer substrate. The sequence and 
length of pits encode information which is read with a 
focused laser beam through the substrate. In the typical 
manufacture of compact discs, the pits and grooves are 
so replicated from a stamper in a mold onto the substrate. 
Once the substrate has been molded, it is then metal- 
lized by the deposition of a thin layer of reflective mate- 
rial, such as aluminum or gold. The substrate may then 
optionally be coated with a lacquer or resin to which ink 
55 may be applied, such as to provide a label. Advances in 
optical data storage require the encoding of increased 
amounts of information, which deer ases the spacing 
between the pits and grooves. In order to prevent errors 
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in the reading of such closely packed information (that 
is, high density), it is important that the substrate be of a 
sufficiently high quality that it does not deform around 
the pits and grooves during manufacture or writing, in 
the case of writeable discs. Such deformations cause 5 
errors in the reading of the encoded information. An 
advantage of the present invention is that the high qual- 
ity optical plastic sheet produced has lower birefrin- 
gence, lower surface roughness and higher dimensional 
stability than known injection molded substrates. This 10 
allows for a higher density of encoded information with 
very little deformation around the pits and grooves, pro- 
vides for the writing and reading of encoded information 
without optical distortion, and gives greater signal to 
noise ratios. 15 
[0028] DVD's are generally produced in the same 
way as compact discs, but may further have an added 
semiref lective layer and polymer layer to encode one or 
more additional layers of information on top of the first 
(replicated) surface. Also, DVD's may have two or more 20 
discs bonded together with a transparent adhesive to 
increase the information content. Typically, DVDs com- 
prise two to four layers. 

[0029] When the sheet of the present invention is 
used as a substrate in an optical storage medium, the 25 
optical storage medium comprises a) a high quality 
plastic sheet produced by the present method; b) a 
reflective or semireflective layer disposed on at least 
one side of the sheet; and optionally c) a protective layer 
disposed on at least one side of the sheet. The reflec- 30 
tive or semireflective layer may be formed from any 
reflective or semireflective material. When a reflective 
layer is used, it is preferred that the reflective layer com- 
prise a metal, such as aluminum or gold. Such reflective 
layer is typically applied to the substrate by sputtering or 35 
vacuum deposition. When a semireflective layer is used, 
it is preferred that the semireflective layer comprises a 
metal. Suitable metals for use in semireflective layers 
include, but are not limited to gold, aluminum, and metal 
alloys, such as aluminum alloys. When metals are used 40 
as the semireflective layer, only a very thin layer of the 
metal is required. The protective layer may be any coat- 
ing applied to the plastic substrate or reflective layer that 
does not interfere with the desired optical properties. It 
is preferred that the protective layer is a laoquer or resin. 45 
it is further preferred that the plastic substrate is 
selected from the group consisting of homopolymers 
and copolymers of polycarbonate, polystyrene, poly- 
acrylic, polyester, polyolefin, polyacrylate, and mixtures 
thereof. so 
[0030] Information may be encoded on optical stor- 
age media comprising the sheet of the present invention 
by any known means, such as embossing or imaging. 
For example, optical storage media may be prepared by 
hot embossing processes, such as those described in 55 
M. T. Gale, Micro-Optics. (Ed . H. P. Herzig), Taylor & 
Francis, London, UK, chapter 6, (1997). Hot embossing 
uses a heated stamper to encode information on the 
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substrate. The hot stamper may be used in a continuous 
process (roll to roll) or in a discrete process, such as 
compression molding. In the alternative, the substrate 
may first be coated with a thin polymer film prior to 
embossing. Suitable polymer films include, but are not 
limited to: latexes, photopolymers, and ultraviolet cura- 
ble resins. The thickness of the polymer coating is gen- 
erally 0.05 to 10 microns, and preferably 0.1 to 1 
microns. Such a polymer film results in faster emboss- 
ing with better replication of the encoded information. 
[0031] In the alternative, a photopolymer may be 
used to encode information on optical storage media. 
When a photopolymer is used, it is first coated on the 
substrate. The coated substrate is then imaged using 
any lithographic process known in the art such as those 
used in the semiconductor industry. 
[0032] After the information is encoded on the sub- 
strate, the substrate is coated with a reflective or sem- 
ireflective layer, and optionally coated with an ultraviolet 
curable resin to protect the reflective or semireflective 
surface. The reflective or semireflective layer may be 
applied by sputtering or vacuum deposition. In the prep- 
aration of DVD's, the encoded substrate is preferably 
coated with a semireflective layer. The reflective or sem- 
ireflective surface on the final layer is typically coated 
with an ultraviolet curable resin. 
[0033] Pits used to encode information can be 0.01 
to 1 microns deep and preferably 0.04 to 0.15 
micronsdeep, and 0.4 to 10 microns long. Optical stor- 
age media are typically up 0.6 to 1 .2 millimeters thick. 
The birefringence of the substrate used in optical stor- 
age media is typically less than 50 nanometers, and 
preferably less than 30 nanometers. 
[0034] The high quality sheet produced by the 
present process is useful as a substrate for optical 
phase-change media. Optical phase-change media are 
those which can be written once and read many times 
and those which can be written and read many times. 
Suitable optical phase-change media include, but are 
not limited to: record once compact discs ("CD-R"), 
record once digital versatile discs ("DVD-R"), magne- 
tooptical media ("MO"), and phase change media 
("PD"), read/write compact discs ("CD-RW"), and 
read/write digital versatile discs ("DVD-RW"). For exam- 
ple, various phase-change media are disclosed in H. 
Bennett, Emedia Professional. Online Inc., Wilton, CT, 
July. 1998, page 31. Optical phase-change media typi- 
cally consist of a high quality substrate with a spiral 
groove for laser tracking purposes, a reflective or sem- 
ireflective layer, a phase-change medium disposed 
between the substrate and the reflective or semireflec- 
tive layer and a UV curable protective coating for the 
reflective or semireflective layer. 
[0035] Information is encoded onto a phase-change 
medium by focusing a laser beam on a submicron spot 
on the reflective layer to either cause distortions (i.e. 
create pits) or a phase-change (crystalline to amor- 
phous transitions) resulting in a change in reflectivity. In 
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contrast, in magneto-optical ("MO") storage media, 
there is a change in the polarization of reflected light. 
[0036] The spiral groove in the optical phase* 
change media may be prepared by embossing or imag- 
ing. For example, the high quality sheet of the present s 
process may be coated with a polymer layer and then 
embossed with a hot stamper to produce a spiral 
groove. In the alternative, a photopolymer may be 
applied to the high quality sheet of the present process 
and the grooves defined by lithographic processes, after 10 
which the coating is cured. The polymers useful in coat- 
ing the high quality optical sheet for use in phase- 
change media must have a sufficiently high glass transi- 
tion temperature to withstand subsequent high temper- 
ature deposition steps of the encoding process. The 15 
width and pitch of the spiral groove depend on the con- 
struction of the particular medium but are typically in the 
0.1 to 10 micron range, and preferably in the 0.4 to 2 
micron range. The spot sizes of encoded information 
are typically in the 0.4 to 1 0 micron range. 20 
[0037] The recordable medium useful in recordable 
optical phase-change media depends upon the particu- 
lar phase-change medium, and is well known to those 
. skilled in the art. For example, in CD-R the recordable 
medium typically consists of a dye, such as cyanine or 25 
phthalocyanine, together with other polymer additives in 
a solvent which is spun coated onto the grooved sub- 
strates. Any dye is suitable as long as it does not inter- 
act with the high quality plastic substrates so as to 
distort the groove pattern or warp the substrate. Suita- 30 
ble dyes include organic dyes, inorganic pigments and 
mixtures thereof. The dye coating is then dried, metal- 
lized and coated with a UV curable resin to produce the 
final CD-R. 

[0038] MO storage media comprise a high quality 35 
substrate, a magneto-optical layer disposed on at least 
one side of the substrate, a reflective or semiref lective 
layer disposed on the magneto-optical layer and option- 
ally a protective layer disposed on at least one side of 
the substrate. In MO media, the magnetooptical layer, 40 
such as various alloys of cobalt, such as GdFeCo or 
TbFeCo, is sputtered onto the grooved substrates. Addi- 
tional layers may be deposited on the cobalt alloy layer 
to aid in heat transfer to and from the substrate. Mag- 
netic domains are then written using a combination of a 45 
focused laser to provide localized heating and a mag- 
netic head to invert polarity of the domain. In CD-RW 
and DVD-RW, a combination of layers are deposited 
onto the grooved high quality plastic substrate, such as 
those described in M. Elphick, Data Storage. Penwell. so 
Nashua, NH, September, 1998, page 85. Such layers 
comprise a lower protective layer, such as ZnS.Si0 2 , a 
recordable layer, such as Ge2Sb 2 Te 5 , an upper protec- 
tive layer, an upper reflective metal layer and finally a 
protective UV curable lacquer. 55 
[0039] The high quality sheet of the present inven- 
tion is suitable for use as substrates in storage media 
where the reading laser beam is reflected and not trans- 
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mitted through the substrate. In such storage media, the 
reading laser beam is focused onto the substrat and 
recording medium using a solid immersion lens (SIL). 
These lenses glide over the surface at a distance of a 
fraction of the wavelength of light, typically at a distance 
of 10 to 100 nanometers. In this application, the sub- 
strate does not have to be optically transparent; how- 
ever, it is essential that the recording medium have very 
low roughness. This application of near field optics is 
described in Mansfield et al., Aopl . Phvs. Lett.. 57, 
1990, page 2615. 

[0040] Multilayer storage media are a means of 
increasing data storage densities. In such storage 
media, 2 or more layers are used to store data instead 
of using a single layer of replicated pits as in a CD or 2 
to 4 layers as in a standard DVD. For example, US pat- 
ents 4,450,553, 5.202,875, 5,263,011, 5,373,499 and 
5,627,81 7 describe multilayer storage media. In a multi- 
layer medium, it is desirable that the total thickness of 
the medium is equal to 1.2 millimeters in order for it to 
be compatible with current standards. Thus, a 6 or 12 
layer medium requires each substrate layer to have a 
thickness of 0.2 or 0.1 millimeters, respectively. It is well 
known in the art that current methods of injection mold- 
ing are incapable of producing such thin substrates hav- 
ing the required optical properties. Such thin, injection- 
molded substrates will be warped and have high stress 
and birefringence. In contrast, the high quality sheet of 
the present invention may be used to prepare thin sub- 
strates having a very smooth surface, low stress and 
low birefringence. 

[0041 ] The methods described above for replicating 
pit structures on single layer CD can also be applied 
advantageously to multilayer storage media. For exam- 
ple, one or more polymer layers (coatings) may be 
applied to the substrate, such as by a continuous proc- 
esses. Once coated, data are encoded on the sheet by 
embossing with a hot stamper. In the alternative, a pho- 
topolymer may coated on the substrate and the data 
encoded by optical imaging (lithography). Once the data 
are encoded on the substrate, a semiref lective metallic 
or narrow bandpass dielectric layer is applied to each 
substrate layer so that light will be reflected from each 
substrate layer. The individual substrate layers are then 
laminated together using adhesive tie layers to form the 
desired multilayer storage medium. 
[0042] The high quality sheet of the present inven- 
tion is also useful as substrates in multilayer rewriteable 
storage media. In such media, once the individual 
sheets are formed and coated, they are embossed with 
a spiral groove pattern. A medium, such as a phase 
change or MO medium, is then sputtered onto the plas- 
tic substrate, followed by the application of a semireflec- 
tive metallic or narrow band dielectric layer. The 
individual substrate layers are then laminated together 
using adhesive tie layers to form the desired multilayer 
storage medium. 

[0043] When the high quality sheet of the present 
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invention is used in magnetic storage media, the mag- 
netic storage media comprise a high quality plastic 
sheet produced by the present process having a mag- 
netic alloy disposed on at least one side of the sheet. 
Any high quality plastic sheet of the present invention is 
suitable for use as a substrate in magnetic storage 
media. It is preferred that the magnetic alloy be applied 
to the high quality sheet by sputtering. Optionally, the 
high quality sheet may further comprise stiffening 
agents. Stiffening agents are useful in applications 
where the high quality sheet requires increased modu- 
lus (stiffness). Suitable stiffening agents include, but are 
not limited to glass f ibers, talc, silicon nitride, clay, and 
mixtures thereof. The present sheet offers the advan- 
tage of being lighter, smoother, stiffer and tougher than 
known substrates for magnetic storage media, such as 
aluminum discs. 

[0044] The high quality sheet of the present inven- 
tion is also useful as a substrate for 3-dimensional ("3- 
D") optical storage media. 3-D optical storage media are 
useful in any application requiring high density date 
storage, such as computer hard drives or similar data 
storage devices. Such 3-D optical storage media differ 
from conventional two-dimensional storage media, such 
as CD -ROM or magnetic storage media, in that infor- 
mation is stored in 3 -dimensional space and not just in 
the plane of the substrate. This results in a many fold 
increase of the storage capacity from gigabyte per 
square-inch (per 6.45 square-cm) to terabyte per cubic- 
inch (per 16.39 cubic-cm). Several examples of 3-D 
optical storage media are known. These include those 
based on inorganic materials (or pigments), such as 
LiNb0 3 , and organic materials (or dyes). Examples of 
organic materials useful in 3-D optical storage media 
include photochrome dyes, which undergo reversible 
coloration and bleaching upon optical excitation by a 
polarized laser beam; side chain liquid crystal polymers, 
which orient in the electric field of a laser beam causing 
a change in the local birefringence; amorphous poly- 
mers with side chains containing dye molecules, where 
the dye molecules are attached with flexible spacers to 
the main chain and orient in the polarized laser beam 
causing a change in the local birefringence; polymers 
with azo containing dye molecules in the side chain; 
light sensitive protein molecules which undergo elec- 
tronic transitions upon excitation in a laser beam; pho- 
torefractive materials; and photopolymers. 
[0045] Typically, 3-D optical storage media utilize 
polarized light to cause a local change in optical proper- 
ties, i.e. through changes in birefringence or absorption. 
A laser, preferably polarized, is typically used as the 
light source in 3-D optical storage media as such media 
require the light source to be able to focus on a specific 
point, generally of submicron size. The narrow line width 
of a laser allows for such focusing on a specific point. 
For example, in such 3-D optical storage media using 
organic materials, a polarized laser beam causes a cis- 
trans transition in the dye which changes the absorption 



spectrum and local optical density. It is therefore essen- 
tial that the medium have very small birefringence so as 
not to distort the laser beam which is used to write in the 
molecule. The medium must have very small birefrin- 

5 gence when reading the stored information. It is well 
appreciated to those experienced in the art, that the 
matrix must have a very small birefringence, so that the 
writing laser beam causes a measurable change in local 
optical properties resulting in a large signal to noise 

yo ration ("SNR"). If the matrix had a high birefringence, 
then the SNR would be low and it would be very difficult 
to read the data stored in 3-D space. 
[0046] Thus, the high quality optical sheet of the 
present invention can be used to make 3-D optical stor- 

15 age media by dispersing in such sheet one or more pig- 
ments, dyes or mixtures thereof. It is preferred that the 
pigments, dyes or mixtures thereof is selected from 
LiNb0 3 , photochromic dyes, side chain liquid crystal 
polymers, amorphous polymers with side chains con- 

20 taining dye molecules, polymers with azo containing 
dye molecules in the side chain; light sensitive protein 
molecules, photorefractive materials; and photopoly- 
mers. it is also possible to blend in any molecule, poly- 
mer, pigment or other inorganic material that undergoes 

25 an electronic transition to change its absorbance, an ori- 
entation in the electric field of a polarized laser beam 
resulting in a change in the local refractive index, or a 
chemical reaction, such as crosslinking, to cause a 
change in refractive index. 

30 [0047] Typically, the dye, pigment or mixture thereof 
is incorporated into the optical sheets of the present 
invention by combining the dye, pigment or mixture 
thereof with the molten plastic resin prior to shaping the 
molten resin into a web using an overflow die. 

35 [0048] The sheet produced by the present process 
is suitable for use in circuit board manufacture, particu- 
larly for use as a substrate for circuit layers. Multilayer 
printed circuit boards are used for a variety of applica- 
tions and provide notable advantages of conservation of 

40 weight and space. A multilayer board is comprised of 
two or more circuit layers, each circuit layer separated 
from another by one or more layers of dielectric mate- 
rial. Circuit layers are formed by applying a copper layer 
onto a polymeric substrate. Printed circuits are then 

45 formed on the copper layers by techniques well known 
in the art, for example print and etch to define and pro- 
duce circuit traces. 

[0049] After lamination, the multiple circuit layers 
are connected by drilling through-holes through the 

so board surface. Resin smear from through -hole drilling is 
removed under rather stringent conditions, for example 
treatment with concentrated sulfuric acid or hot alkaline 
permanganate, and then through-holes are further 
processed and plated to provide a conductive intercon- 

55 necting surface. Prior to lamination, the circuit layers are 
typically treated with an adhesion promoter to improve 
bond strength between each circuit layer and the inter- 
leaving resin layers. One favored method of improving 
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such bond strength is oxidative treatment of a circuit 
layer to form copper oxide surface coating thereon. 
[0050] When the sheet produced by th process of 
the present invention is used as a substrate for microop- 
tic lens arrays, the arrays may be produced by any suit- 
able means for producing optical storage media. 
Suitable microoptic lens arrays include, but not limited 
to, rectilinear prisms, two dimensional arrays of pyra- 
mids, diffractive lenses and holographic lens arrays. For 
example, a hot embosser may be used to emboss an 
array of lenses on the sheet of the present invention. It 
is preferred that the hot embosser is used in a compres- 
sion molding press. It is preferred that the sheet of the 
present invention is selected from the group consisting 
of homopolymers and copolymers of polycarbonate, 
polystyrene, polyacrylic, polyester, polyolefin, polyacr- 
ylate, and mixtures thereof. Such microoptic lens arrays 
are useful in display and imaging applications requiring 
the refraction or diffraction of light. Such applications 
include, but are not limited to: heads-up displays; large 
screen displays; and as lens arrays in office equipment, 
such as photocopiers and facsimile machines. Lenses 
used in microoptic arrays are typically 10 to 100 
microns. In holographic lenses, the height is typically a 
fraction of the wavelength of light and the lateral dimen- 
sions are typically 10 to 100 microns. 
[0051 ] When the optical quality sheet of the present 
invention has a structured surface, such sheet is suita- 
ble for use as a light management or light directing film. 
Light directing films have transmission properties that 
control, and are governed by, the angle of incidence of 
light. For example, light directing films consist of a poly- 
meric film with a rectilinear periodic array of angled 
prisms embossed on one surface, i.e. a structured sur- 
face. The light directing film acts as a light collimator 
accepting light from the light source through its flat sur- 
face, and transmitting it through its structured face. Light 
which is incident upon a smooth surface of this film at 
relatively high incidence angles is refracted at the 
smooth surface and the structured surface of the film 
and is emitted from the sheet, having been redirected 
toward the normal to the smooth surface of the film. 
Additionally, light which strikes the structured surface 
internally at greater than the critical angle undergoes 
total internal reflection from both side surfaces, or fac- 
ets, of a prism element and is directed back toward the 
light source. However, when light is incident upon the 
structured side of the film and subsequently transmitted 
to the flat surface of the film, the complementary behav- 
ior is observed. Namely, that light incident at angles 
close to the normal plane of the light directing film are 
transmitted, and those light rays incident at higher 
angles are reflected back via total internal reflection. 
Such light management or light directing films are par- 
ticularly suitable for use in LCD illumination systems, 
such as backlight illumination. 
[0052] Typically, a structured surface is provided to 
the optical sheets of the present inv ntion by embossing 



the structur s on the surface of the sheet while it is still 
warm, or on a cooled sheet by using a hot embosser. It 
is preferred that the structured surface be provided by 
coating the optical sheet of the present invention with a 

5 curable prepolymer having suitable viscosity, emboss- 
ing the desired structured surface on the prepolymer 
coating, and then curing the prepolymer. It is preferred 
that the prepolymer be UV-curable. Prepolymers that 
can coat the optical sheet of the present invention and 

io that retain any embossed structure during curing have 
suitable viscosity for use in light management films. 
[0053] The sheet produced by the present invention 
is also suitable for use in waveguide optics. Suitable 
waveguide optics include, but are not limited to: 

75 waveguides, active and passive photonic switches, 
wavelength division multiplexers, electroluminescent 
light sources, and electrooptic modulators. When used 
in these applications, the waveguide optics may be 
embossed on the sheet in the same way as microoptic 

20 arrays. The advantage to waveguides fabricated from 
the sheets of the present invention is that they may be 
fabricated in large sheets and the expense and difficulty 
of known methods is avoided. In waveguide optic appli- 
cations, it is preferred that the sheet is selected from the 

25 group consisting of homopolymers and copolymers of 
polycarbonate, polystyrene, polyacrylic, polyester, poly- 
olefin, polyacrylate, and mixtures thereof. 
[0054] The sheet of the present invention may also 
be used in the manufacture of microfluidic devices. 

30 Such devices include, but are not limited to: miniature 
diagnostic systems for biopharmaceutical applications, 
miniature devices for directing fluid flow, miniature sen- 
sor devices for pharmaceutical and biochemical appli- 
cations, and three-dimensional microfluidic systems. 

35 When used in these applications, it is preferred that the 
sheet is selected from the group consisting of homopol- 
ymers and copolymers of polycarbonate, polystyrene, 
polyacrylic, polyester, polyolefin, polyacrylate, and mix- 
tures thereof. 

40 [0055] Depending on the particular use for sheet 
produced by the method of the present invention, sheet 
characteristics such as low shrinkage, low birefrin- 
gence, and surface quality may vary in relative impor- 
tance. Desired sheet thickness will also vary depending 

45 on the particular use, but will generally be about 25 mm 
or less, preferably 10 - 5000 jx, and most preferably 50 - 
1000 \i. Sheet thickness can be adjusted by varying the 
speed of delivery of the molten polymer to the die or by 
varying the speed of the take-off means. Thickness var- 

50 iation over a sample length of 400 mm should be gener- 
ally 10% or less, preferably 5% or less, and most 
preferably 1% or less. 

[0056] A typical apparatus of the present invention 
is shown in Figures 1-4. As will become clear to those 
55 skilled in the art, variations from the apparatus illus- 
trated in these Figures may be made within the scope of 
the present invention. 

[0057] Molten polymer from a source 10 is deliv- 
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ered to an overflow die 20 via channel 12 (preferably 
controlled by delivery means 14), where it is introduced 
to the die 20 through conduit opening 21 to conduit 22. 
The temperature of the molten polymer as it is delivered 
to die 20 is maintained by use of heaters 15 located in 
close proximity to die 20. As the molten polymer fills the 
opening 21, it is forced out through the metering 
arrangement, slot 23, onto the die lips 40 and 41, and 
flows out around the sides 24 and 25 of the die 20. At 
the apex 26 of the die 20, the molten polymer flowing 
from sides 24 and 25 converge to form the beginning of 
molten web 27. 

[0058] The molten web 27 is picked up at its edges 
by two pairs of guidance means, {e.g., tank treads 31, 
32, 33 and 34) which guide the molten web away from 
die 20. As molten web 27 is guided away from die 20, 
the temperature of the web gradually falls below the 
glass transition temperature of the polymer, and results 
in cooled sheet 40. In an optional embodiment, cooling 
means 36 located in close proximity to the guidance 
means 31 , 32, 33, 34 aid in lowering the temperature of 
the web. 

[0059] Molten resin can be supplied in any of a 
number of ways. For example, the molten resin may be 
supplied from a polymerization reactor, a mixer, a devol- 
atilization device (e.g., a flash column, falling strand 
devolatilizer or wiped film evaporator), or an extruder. 
An extruder is preferred, as it can also act as a polymer 
delivery means (see discussion below). It is most pre- 
ferred to use a single screw extruder, although a double 
(twin) screw extruder or a multiple screw extruder may 
also be used. If a twin or multiple screw extruder is 
used, it can be of any type, for example, counter-rotat- 
ing, co-rotating, intermeshing or non-intermeshing. It 
will be appreciated that well-known techniques for han- 
dling or preparing resins can be used in the present 
process. Such techniques include drying, use of inert 
atmospheres, pellet dedusting, and the like. 
[0060] The molten resin may contain one or more 
plastic additives such as antioxidants, ultra-violet ('U V") 
absorbers, UV stabilizers, fluorescent or absorbing 
dyes, anti-static additives, release agents, fillers and 
particulates. The type and amount of additive used with 
particular resins for particular purposes is known to 
those skilled in the plastic arts and will not be further 
detailed herein. 

[0061] The temperature at which the resin is proc- 
essed will depend upon the composition of the resin and 
may vary during processing. The temperature must be 
sufficiently high that the resin will flow but not so high as 
to degrade the resin. Operating conditions will vary 
depending on the type of polymer to be processed, and 
are within ranges known to those skilled in the art. How- 
ever, as a general guideline, the operating temperature 
will be between 100 and 400 °C. For example, PMMA 
may be processed in an extruder with the extruder bar- 
rel temperature of 1 50 to 260 °C and a melt temperature 
of 1 50 to 260 °C. Other polymers such as polycarbonate 



or poly methylmethacrylimide can also be used at 
appropriately higher melt temperatures (200 - 330 °C). 
It is preferred that volatile materials and undesired par- 
ticulate matter be removed from the molten plastic resin 
5 prior to sheet formation. This may be accomplished in 
accordance with methods known to those skilled in the 
art. 

[0062] Delivery means 14 for delivering constant 
flow of the molten polymer are required for the purpose 

10 of regulating the flow rate and providing the pressure 
required to deliver the molten polymer through the 
channel 12, conduit opening 21 and conduit 22, to the 
die 20. The delivery means may include any type of 
mechanical melt pump, including, but not limited to any 

15 appropriate extruder (as described above), gear pump, 
or combinations thereof. In simple form, the delivery 
means may be a gravity feed, or hydrostatic pressure. 
The delivery means may be selected in accordance with 
methods known to those skilled in the art. The use of a 

20 gear-type melt pump is preferred because it provides 
control of flow rate and minimizes flow rate fluctuations, 
resulting in more uniform sheet thickness. In addition, 
the use of a meft pump may reduce degradation of the 
molten resin by reducing the shear heating of the poly- 

25 mer. Temperatures for the melt pump are determined by 
the plastic resin used, and are similar to those used in 
standard extrusion processes, typically between 50 and 
200 °C above the Tg of the resin. More than one deliv- 
ery means may be used, for example, for the production 

30 of wide sheets. In the present invention, the delivery 
means should provide molten polymer to the inlet of the 
overflow die in the range of 50 to 70,000 kPa, preferably 
300 to 7000 kPa, and most preferably 1 000 to 3500 kPa. 
[0063] In one embodiment, the polymer melt is 

35 passed through a melt filter or a mixer between the 
delivery means 14 and the die 20. It is preferred that the 
polymer melt is passed through a melt filter and then a 
mixer. The filter removes gels, dirt and foreign particles 
from the melt. The mixer blends the polymer in order to 

40 minimize thermal gradients in the melt and removes 
fbw lines resulting from the melt filter. Any melt filter 
may be used in the present process. Suitable melt filters 
include candle filters and disc filters. It is preferred that 
the filter is a disc filter. Any mixer may be used in the 

45 present process, such as static mixers or rotary mixers. 
The use of a melt filter and mixer produces plastic sheet 
having better quality in terms of smoothness and thick- 
ness control. 

[0064] The overflow die is used to form a sheet from 
so the molten plastic resin. The die includes a metering 
arrangement and an overflow surface with converging 
sides which in cross section culminate in an apex. The 
die in lengthwise fashion can be substantially linear, 
curved, oval or circular. The die height to width ratio 
55 should generally be in the range of 1:1 to 10:1, prefera- 
bly 2:1 to 5:1, and most preferably 2.5:1 to 4:1. The 
length (or circumference) to height ratio should gener- 
ally be at least 1:2, preferably at least 2:1, and most 
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preferably at least 3:1. 

[0065] Ttie metering arrangement portion of the 
overf tow die consists of flow distribution elements such 
as, for example, holes, slot, "coathanger" arrangement 
or combinations thereof, which control the flow distribu- s 
tion of the molten resin across the die. thereby control- 
ling the sheet thickness profile. Examples of such 
metering arrangements are illustrated in Figures 5-7. 
Other metering arrangements may be used as known to 
those skilled in the art. A slot arrangement is preferred. 10 
The length of the die will depend upon the width of the 
sheet to be made, but the ratio of the mean slot gap 
(mean width of the slot 23) to mean conduit diameter 
(mean diameter of the conduit 22) should generally be 
at least 1 :5, preferably at least 1:10, and most preferably 15 
at least 1 :20. For sheets having a finished thickness of 
1 mm or less, a substantially constant slot width across 
the die is preferred. For greater thicknesses, a tapered 
slot is preferred wherein the slot is thinner at the feed 
end, and thicker at the opposing end. If a wide sheet is 20 
desired, conduit openings 21 and 21 ' (see Figure 6) can 
be located at both ends of the die, and it is possible to 
have the slot 23 tapered at both ends. 
[0066] The overflow surface is formed by the exte- 
rior of the die 20 and consists of a pair of die lips, 40 and 25 
41, which connect with the metering arrangement and 
direct the molten polymer to the converging sides, 24 
and 25. The converging sides direct the melt flow to the 
apex 26, where the melt web exits from the die. 
Although the overflow surface can be textured or 30 
smooth, it is preferably smooth. Moreover, the overflow 
surface is preferably highly polished to minimize varia- 
tions and defects in the sheet. The overflow surface may 
be treated with a coating (for example, electroplating or 
other depositing techniques) to improve die surface 35 
smoothness, provide corrosion resistance, or improve 
the flow properties over the die. 
[0067] The material of construction of the die is 
important. Metals are preferred due to their high thermal 
conductivity, good corrosion resistance, high modulus, 40 
and ability to be polished. However, other materials 
such as glass and ceramics can, in principle, be used. It 
is preferred to use stainless or tool grade steel. 
[0068] If a non-planar sheet is desired, the die 
geometry may be modified accordingly, using methods 45 
known to those skilled in the art. For example, if a 
curved sheet is desired, the die can be curved along its 
longitudinal axis. 

[0069] In general, it is desired to maintain the vis- 
cosity of the molten plastic (for a shear rate of 1 0 sec- 1 ) so 
between 1 and 10,000 Pa-s, preferably between 5 and 
1,000 Pa-s, and most preferably between 10 and 500 
Pa-s. In addition, the melt flow rate per unit die length 
(flow rate divided by the length) is typically in the range 
of 1.0 x 10" 3 to 10 g/s/cm, preferably 1.0 x 10" 2 to 1.0 55 
g/s/cm, and most preferably 2.0 x 10' 2 to 2.0 x 10" 1 
g/s/cm. The viscosity can be controlled by varying the 
temperature. Depending on the die design, the temper- 
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ature control may be more or less important. The more 
even the temperature across the die, the more even the 
thickness of the sheet. It is preferred that the melt tem- 
perature be uniform across the die. Thickness variation 
resulting from uneven temperature distribution down the 
length of the die can be minimized by changing the 
design of the slot or other metering arrangement Tem- 
perature control may be accomplished, for example, by 
one or more of the following; electric cartridge heaters, 
infrared lamp heaters, heated oil (or other heat transfer 
fluid), heat pipes, or microwave heaters. Heated oil or 
other heat transfer fluids are preferred because the tem- 
perature may be controlled by a thermostat and uni- 
formity of temperature may be readily accomplished. 
The die is preferably housed within a partially enclosed 
area in order to minimize temperature fluctuations. It is 
preferred that an inert environment also be used. Such 
inert environment minimizes coloration and degradation 
of the resin. 

[0070] It is preferred, but not essential, that the mol- 
ten plastic flows in a downward direction after passing 
over the die, since the downward flow is affected by 
gravity. The rate of flow is determined by a combination 
of the effect of gravity, and the tension applied by the 
takeoff means. By conducting the plastic flow in a down- 
ward direction over the die. gravity acts in the same 
direction as the sheet flow, thereby reducing the tension 
needed in the takeoff means and improving sheet qual- 
ity. The molten plastic after passing through the die is in 
a form known as a "web." 

[0071] The takeoff means transports the molten 
plastic web from the die at a controlled speed and 
allows the web to cool. The takeoff means may be, for 
example, rollers or a "tank tread" arrangement, whereby 
only the outer edges of the sheet come into contact with 
the takeoff means. A "tank tread" arrangement is pre- 
ferred, as this maximizes the smoothness of the sheet 
surface. A tank tread arrangement is illustrated as part 
of the apparatus of Figures 1 and 2 as 31, 32, 33 and 
34. 

[0072] The takeoff means controls the speed at 
which the plastic sheet is produced, which at a given 
polymer flow rate determines the thickness of the sheet; 
therefore, control of the speed of the takeoff means is 
quite important. The takeoff means also supports the 
weight of the sheet, thereby maintaining consistent 
sheet width and thickness. It is desirable to position the 
takeoff means as close as possible to the die so that the 
amount of molten resin that is unsupported is mini- 
mized. The distance from the apex of the die to the take- 
off system (e.g., the nip area at the top of the tank tread 
arrangement) is typically <25 cm, preferably <10 cm, 
and most preferably <5 cm. 

[0073] The sheet takeoff speed will vary depending 
on the type of sheet desired, and the thickness. For 
example, for a sheet having 0.4 mm thickness, the sheet 
takeoff speed will generally be in the range of 10 to 
1000 cm/min, preferably 20 to 200 cm/min. and most 
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preferably 50 to 100 cm/min; whereas for a sheet having 
1 mm thickness, the takeoff speed will generally be in 
the range of 5 to 500 cm/min, preferably 10 to 100 
cm/min, and most preferably 25 to 50 cm/min. In like 
fashion, the residence time during cooling in the takeoff 5 
system before bending will vary. For example, for a 
sheet having 0.4 mm thickness, the residence time 
before bending will generally be £10 sec, preferably £1 
min, and most preferably £2 min; whereas for a sheet 
having 0.2 mm thickness, the residence time before w 
bending will generally be £5 sec, preferably £30 sec, 
and most preferably £1 min. 

[0074] The plastic sheet may be allowed to cool by 
natural convection during transport by the takeoff sys- 
tem, or by forced convection. Natural convection con- 15 
sists of passive cooling of the sheet during passage 
through air or a fluid bath. Forced convection is accom- 
plished by pumping or blowing a heat transfer fluid 
along or against the sheet to enhance heat transfer. 
Natural convection is preferred for minimizing sheet rip- 20 
pies and surface marks. It is preferred to use a clean 
fluid (free from particulates) for cooling the sheet to pre- 
vent surface contamination or defects. For example, 
HEPA filters may be used with air or gas cooling for this 
purpose. Any fluid or combinations of fluids can be used 25 
for sheet cooling, provided that the fluid used is not det- 
rimental to the plastic material being processed. Exam- 
ples of useful cooling fluids are: air, nitrogen, water, oils, 
and glycols. It is possible to combine the cooling proc- 
ess with a coating process by using a suitable coolant 30 
which acts as a coating and is deposited as a film on the 
plastic sheet as it leaves the cooling bath. 
[0075] It will be recognized by those skilled in the 
art that a variety of optional equipment may be used fol- 
lowing the takeoff means. Examples of optional equip- 35 
ment include conventional film handling equipment 
such as film winders, edge cutters, sheet cutters, and 
packaging equipment. In addition, other downstream 
devices can be utilized, for example, forming equip- 
ment, coating equipment, decorating equipment and 40 
laminating equipment. 

[0076] The process of the present invention may be 
used with any suitable plastic resin, and is preferably 
used with thermoplastic resins. A thermoplastic resin is 
a polymeric resin which reversibly softens when 45 
exposed to heat and hardens upon cooling. Thermo- 
plastic resins may be linear or branched polymers that 
are not substantially cross-linked. It is preferred that the 
thermoplastic resins useful in the process of the present 
invention have virtually no crosslinking and have ther- so 
mal stability (for residence time of up to 10 min or more) 
at melt processing temperatures (i.e., having a viscosity 
on the order of 10 3 Pa-s). Examples of thermoplastic 
resins for which the process of the present invention is 
useful include but are not limited to: homopolymers or 55 
copolymers of acrylic acid, methacrylic acid and their 
esters, including but not limited to copolymers formed 
with styrene and its derivatives, N-alkyl maleimides, 



acrylonitrile, and vinyl acetate; phenoxy ethers; 
polyphenylene oxide resins, epoxy resins; cellulosic 
resins; vinyl polymers such as polyvinyl chloride 
("PVC"); fluoropolymers such as fluorinated ethylene- 
propylene and poly(vinylidene fluoride); polystyrenes; 
polyolefins such as polyethylene, polypropylene, poly-4- 
methylpentene-1, and including cyclic olefin polymers 
and copolymers, such as those based on norbornene 
and functionalized norbornene monomers; polysul- 
fones; polyether sulfones; polyether ketones; polyether 
imides; polyphenylene sulfides; polyarylene ester res- 
ins; polyesters; homopolymers or copolymers of N-H 
and/or N-alkyl glutarimide; acrylonitrile-butadiene-sty- 
rene resins ("ABS"); styrene-acrylonitrile resins 
("SAN"); styrene-maleic anhydride resins ("SMA"); imi- 
dized SMA; polyamides ("Nylons"); polycarbonates, 
including high temperature homopolymers and copoly- 
mers; polycarbonate-polyesters; polyarylates; liquid 
crystal polymers; and mixtures thereof. Suitable poly- 
carbonates comprise one or more bisphenols and one 
or more carbonic acids. Suitable carbonic acids include, 
but are not limited to: phosgene, diphosgene, triphos- 
gene, carbonic acid esters, such as chloroformic acid 
esters, and mixtures thereof. Suitable bisphenols 
include, but are not limited to: bis(4-hydroxyphenyl) 
alkanes and cycloalkanes; bis(3-substituted-4-hydroxy- 
phenyl) alkyl-cycloalkanes; bis(3,5-disubstrtuted-4- 
hydroxyphenyl) alkylcycloalkanes, such as 2,2-bis(4- 
hydroxyphenyl)propane;2,2-bis(3-methyl4-hydroxyphe- 
nyl)propane; 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)pro- 
pane; 1,1-bis(4-hydroxyphenyl)cydohexane; 2,2-bis(3- 
phenyl-4-hydroxyphenyl)propane; 2,2-bis(3-isopropyl- 
4-hydroxyphenyl)propane; 2,2-bis(4-hydroxyphe- 
nyl)butane; 9,9-bis(4-hydroxyphenyl)f luorene; 9,9-bis(4- 
hydraxy-3-methylphenyl)f luorene; 1 , 1 -bis(4-hydroxy- 
phenyl)-3,3,5-trimethylcyclohexane; 1 ,1 -bis(4-hydroxy- 
phenyl)-3,3-dimethylcyclohexane; 1 , 1 -bis(3,5-dimethyl- 
4-hydroxyphenyl)-3,3,5-trimethylcyclohexane; 1 ,3- 
bis(4-hydroxyphenyl)-5,7-dimethyladamantane; 1,1- 
bis(4-hydroxyphenyl)-1 -phenyl ethane; 4,4'-dihydroxy- 
tetraphenylmethane; 2,2-bis(4-hydroxyphenyl)pro- 
pane; 6,6' -dihydroxy-3,3,3',3 -tetramethyl-1 ,1 '- 
spiro(bis)indane; and mixtures thereof. The polyester- 
polycarbonates useful in the present invention comprise 
one or more bisphenols, one or more carbonic acids, 
and one or more additional acids, such as terephthalic 
and isophthalic acids. The polycarbonates and polyes- 
ter-polycarbonates useful in the present invention are 
well known in the art. Mixtures of thermoplastic resins 
may also be used. Particularly useful thermoplastic 
resin mixtures include, for example: SAN-polyglutarim- 
ide, polycarbonate-polyester, PMMA-poly(vinylidene 
fluoride), polystyrene-poly(phenylene oxide), and poly- 
carbonate blends, including blends bisphenol A polycar- 
bonate and high temperature polycarbonate 
copolymers, such as a copolymer of 2,2-bis(4-hydroxy- 
phenyl)propane and 1,1-bis(4-hydroxyphenyl)-3,3,5-tri- 
methylcyciohexane, available as APEC polycarbonate 
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(Bayer Corp.). Preferred resins for use in the process 
and apparatus of the present invention are: polycar- 
bonates; linear acrylic homopolymers and copolymers; 
cyclic polyolefins; and linear imidized acrylic homopoly- 
mers and copolymers such as those described in US 
4,727,117 (Hallden-Abberton et al.) and US 4,246,374 
(Kbpchik). 

[0077] The plastic resins useful in the present 
invention typically result from addition polymerization or 
condensation polymerization processes. Addition 
polymerization processes include bulk polymerization 
and solution or dispersion polymerization in water or 
organic solvent media; such processes are well known 
in the art and may incorporate cationic, anionic, or free 
radical initiation and propagation reactions. Condensa- 
tion polymerization processes include bulk, solution and 
dispersion polymerization processes. Plastic resins 
formed by polymerization processes other than bulk 
polymerization may require subsequent treatment in 
order to isolate the resin. 

[0078] The following examples are presented to 
illustrate further various aspects of the present inven- 
tion, but are not intended to limit the scope of the inven- 
tion in any respect. 

Example 1 : Preparation of Acrylic Film 

[0079] This example illustrates the method of the 
present invention used to produce optical quality acrylic 
sheet. 

[0080] PMMA resin having an average molecular 
weight of 110,000 was starve-fed into a 2 inch (5 cm) 
diameter single screw vented two-stage extruder having 
a 30:1 LD ratio at a rate of 3.1 g/s using a volumetric 
feeder. The extruder barrel had a temperature profile 
from 204 °C at the feed end to 274 °C at the discharge 
end. The resin was devolatilized using a devolatilization 
vent operating at 720 - 750 mm Hg. The screw was 
rotated at 30 rpm. A gear-type melt pump was used to 
pump the molten resin through a screen pack filter to a 
1 2" (30 cm) long overflow die having a 1 .27 cm diameter 
internal conduit and a series of 22 metering holes with a 
spacing of 1 .27 cm. The diameter of the metering holes 
increased from the feed end of the die to the down- 
stream end from 3.18 mm to 3.73 mm. The melt pump 
temperature was 274 °C. The melt pump suction pres- 
sure was 2100 kPa. and the melt pump discharge pres- 
sure was approximately 4100 kPa. The overflow die was 
heated internally using three electric cartridge heaters 
and externally using three IR heating units to a temper- 
ature of 274 °C. The molten web formed at the apex of 
the die was conveyed using two pairs of tank treads, 
and cooled using cooled forced air which was applied 
using two air plenums. 

[0081] The resultant sheet had average thickness 
of 0.325 mm, surface roughness Rq of 14.6 nm and an 
optical retardance of <5 nm. 
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Example 2: Preparation of Imidized Acrylic Sheet 

[0082] This example illustrates the method of the 
present invention used to produce optical quality imi- 

5 dized acrylic sheet. 

[0083] A capped imidized acrylic resin having an 
weight average molecular weight of 108,000 and a 
glass transition temperature of about 180 °C was 
starve-fed into a 2 inch (5 cm) diameter single screw 

10 vented two-stage extruder having a 30:1 LD ratio at a 
rate of 2.5g/s using a gravimetric feeder. The extruder 
barrel had a temperature profile from 246 °C at the feed 
end to 329 °C at the discharge end. The resin was 
devolatilized using a devolatilization vent operating at 

15 720 - 750 mm Hg. The screw was rotated at 30 rpm. A 
gear-type melt pump was used to pump the molten 
resin through a screen pack filter to a 25.5 inch (65 cm) 
long overflow die with a 1 .588 cm diameter internal con- 
duit and a 16 inch (40 cm) long slot tapering from 0.038 

20 to 0.042 inch (0.965 to 1 .067 mm). The melt pump tem- 
perature was 329 °C. The melt pump suction pressure 
was approximately 4100 kPa. The melt pump discharge 
pressure was approximately 1650 kPa. The die was 
heated using a hot oil system (oil temperature = 343 °C) 

25 via internal holes in the die, and the air around the die 
was heated with a forced-air oven (temperature = 280 
°C). The molten web formed at the apex of the die was 
conveyed using two pairs of tank treads operating at a 
speed of 1.2 cm/s, and cooled by natural convection of 

30 room air. 

[0084] A 200 mm x 200 mm piece was cut from the 
cooled sheet and tested. The resultant sheet had a 
thickness of 0.390 mm, with a variation of ± 0.015 mm. 
The surface waviness Wy and Wq were <0.5 n and 0.1 8 
35 n respectively, surface roughness Rq was 7.6 nm, and 
the optical retardance was <6 nm. The thermal shrink- 
age, measured at a temperature of 160 °C, was 0.03% 
or less. 

40 Example 3: Preparation of Polycarbonate Sheet 

[0085] This example illustrates the method of the 
present invention used to produce optical quality poly- 
carbonate sheet. 
45 [0086] Extrusion-grade polycarbonate resin (Lexan 
101 , GE Plastics, Pittsfield, MA) was starve-fed into a 2 
inch (5 cm) diameter single screw vented two-stage 
extruder having a 30:1 LD ratio at a rate of 4.4 g/s using 
a gravimetric feeder. The extruder barrel had a temper- 
so ature profile from 232 °C at the feed end to 31 5 °C at the 
discharge end. The resin was devolatilized using a 
devolatilization vent operating at 720 - 750 mm Hg. The 
screw was rotated at 30 rpm. A gear-type melt pump 
was used to pump the molten resin through a screen 
55 pack filter to a 37.5 inch (95 cm) long overflow die with a 
1 .905 cm diameter internal conduit and a 28 inch (71 
cm) long slot tapering from 0.038 to 0.045 inch (0.965 to 
1.143 mm). The melt pump temperature was 315 °C. 
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The melt pump suction pressure was approximately 
3400 kPa. The melt pump discharge pressure was 
approximately 1300 kPa. The die was heated using a 
hot oil system (oil temperature = 315 °C) via internal 
holes in the di , and the air around the die was heated 5 
with a forced-air oven (temperature = 260 °C). The mol- 
ten web formed at the apex of the die was conveyed 
using two pairs of tank treads operating at a speed of 
1 .2 cm/s, and cooled by natural convection of room air. 
[0087] A 400 mm x 400 mm piece was cut from the 
cooled sheet and tested. The resultant sheet had an 
average thickness of 0.43 mm, with a variation of ± 0.02 
mm in both the transverse and machine directions. Wy 
was <1 n, Wq was 0.15 n, the surface roughness Rq 
was <1 0 nm, and the average optical retardance was 20 
nm with a variation of 10 nm. Thermal shrinkage, meas- 
ured at 130 °C, was 0.02%. 

Example 4: Preparation of Polycarbonate Film 

[0088] This example illustrates the method of the 
present invention used to produce optical quality poly- 
carbonate film. 

[0089] Extrusion-grade polycarbonate resin (Lexan 
101 , GE Plastics, Pittsfield, MA) was starve-fed into a 2 
inch (5 cm) diameter single screw vented two-stage 
extruder having a 30:1 L:D ratio at a rate of 2.5 g/s using 
a gravimetric feeder. The extruder barrel had a temper- 
ature profile from 232 °C at the feed end to 31 5 °C at the 
discharge end. The resin was devolatilized using a 
devolatilization vent operating at 720 - 750 mm Hg. The 
screw was rotated at 30 rpm. A gear-type melt pump 
was used to pump the molten resin through a screen 
pack filter to a 37.5 inch (95 cm) long overflow die with a 
1.905 cm diameter internal conduit and a 28 inch (71 
cm) long slot tapering from 0.038 to 0.045 inch (0.965 to 
1.143 mm). The melt pump temperature was 315 °C. 
The melt pump suction pressure was approximately 
3400 kPa. The melt pump discharge pressure was 
approximately 1300 kPa. The die was heated using a 
hot oil system (oil temperature = 315 °C) via internal 
holes in the die, and the air around the die was heated 
with a forced-air oven (temperature = 250 °C). The mol- 
ten web formed at the apex of the die was conveyed 
using two pairs of tank treads operating at a speed of 
3.1 cm/s, and cooled by natural convection of room air. 
[0090] A 400 mm x 400 mm piece was cut from the 
cooled sheet and tested. The resultant film had an aver- 
age thickness of 54 \i, with variation ± 4 \i in both the 
transverse and machine directions, and an optical 
retardance of < 10 nm. 

Example 5: Preparation of Hioh Temperature Poly- 
carbonate Blend Sheet 

[0091] A pre-compounded blend of 2.33 parts 
APEC DP9-9371 a polycarbonate copolymer available 
from Bayer, Corp., Pittsburgh, PA, with a Tg of 205° C to 



1 part Makrolon DP1-1 265 a low molecular weight poly- 
carbonate, also available from Bayer, Corp., with a Tg of 
150° C was starve fed into an extruder at a rate of 2.5 
g/s using a gravimetric feeder. The extruder was a 5.08 
cm (2 inch) diameter two stage single screw vented 
extruder having a 30:1 L:D ratio, a 10 cc/rev gear-type 
melt pump, melt filter, rotary mixer and overflow die. All 
process equipment was purged with nitrogen gas prior 
to start-up. The resin was devolatilized using a devolati- 
zation vent operating at 720-750 mm Hg. The screw 
was rotated at 30 RPM. The gear pump was used to 
meter the molten resin through a 5 micron sintered 
metal fiber melt filter (pleated candle type). The flux of 
resin across the filter was 8.6 Ib./hr./sq.ft. at a pressure 
drop of 3800 kPa. The extruder barrel had a tempera- 
ture profile from 273° C at the feed end to 304° C at the 
discharge. The melt filter was maintained at 322° C. The 
extruder feed hopper and oven around the overflow die 
were inerted with nitrogen to minimize the formation of 
crosslinked gels in the resin. After exiting the melt filter, 
the resin entered a rotary mixer where the molten poly- 
mer was mixed at 165 RPM. The mixer barrel tempera- 
ture was maintained at 325° C. The molten resin exited 
the mixer and entered the 37.5" (95cm) long overflow 
die with a 1 .905 cm diameter internal conduit and a 28 
inch (71 cm) long slot tapering from 0.038 to 0.045 inch 
(0.965 to 1.143mm). The die entrance pressure was 
about 700 kPa and was maintained at a temperature of 
321° C by circulating hot oil through internal passages. 
The nitrogen around the die was heated to 240° C with 
a forced convection oven. The molten web formed at the 
apex of the die was conveyed using pairs of tank treads 
operating at a speed of 0.7 cm/s and cooled by natural 
convection of room air. 

[0092] A 400mm x 400mm piece was cut from the 
cooled sheet and tested. The resultant sheet had a 
thickness of 0.420mm, with a variation of +/- 0.020mm. 
Gel counts were less than 200/ sq. meter. The surface 
waviness Wy and Wq were 1jim and 0.17jim respec- 
tively Surface roughness Rq was < 10 nm. The optical 
retardance was <20 nm. The thermal shrinkage meas- 
ured at a temperature of 160° C was <0.05%. 

Examples 6-8: Fabrication of optical storage media 

[0093] Three 1 .2 mm polycarbonate sheets are pre- 
pared according to Example 3. To each sheet is applied 
a polymer coating as described below. Once the sheet 
is coated, it is then embossed using a hot stamper. The 
stamper contains bumps to create submicron pits in the 
plastic sheet. The hot stamper is applied to each of the 
sheets with pressure for a few seconds. After emboss- 
ing, the sheets are then coated with a reflective metal 
layer using a sputtering coater. The metal layer on each 
sheet is then coated with a UV curable polyacrylate. 
The sheets are then cut in a press to provide 120 mm 
discs suitable for use in optical storag media. 
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Example # 


Polymer Coating 


6 


Euderm 50UD 


7 


S1828 


8 


Norland 61 



Euderm 50UD is a latex coat- 10 
ing, available from the Rohm 
and Haas Company, Philadel- 
phia, PA. 

S1 828 is a photopolymer, 
available from Shipley Com- 
pany, Marlborough, MA. 
Norland 61 is a UV curable 
resin, available from Norland 
Company, New Brunswick, NJ. 

20 

Test Methods 



[0094] The following test methods were used to test 
the sheets made in the Examples above. It is under* 
stood in the art that these test methods are exemplary 25 
in nature, and that the results are not method-depend- 
ent. 

Optical retardance: 

30 

[0095] The retardance of light at 632.8 nm wave- 
length was determined in the following manner. A polar- 
ized laser beam (polarized at -45° with respect to the 
laboratory frame) was passed through the plastic sheet, 
and then through a photoelastic modulator (PEM) 35 
(Model PEM-90, Hinds Instruments, Inc.; Hillsboro, Ore- 
gon) oriented with optical axis set to 0° in the lab frame. 
The PEM voltage was set at 1/4 wave retardance (1 58.2 
nm). The light then was passed through a second linear 
polarizer (polarization axis +45°) and intensity detected 40 
by a silicon diode detector (Model PDA-50, ThorLabs 
Inc.; Newton, New Jersey). The PEM and detector were 
modulated, and the signal from the detector processed 
by a lock-in amplifier (Model 5210, E G & G Princeton 
Applied Research; Princeton, New Jersey). The plastic 45 
sheet was rotated perpendicular to the laser beam to 
find the maximum signal. The retardance was deter- 
mined by comparing the maximum signal to that meas- 
ured for a standard 1/4 wave plate. 
[0096] Birefringence of a material can be obtained so 
by dividing the optical retardance of a material by its 
thickness. For example, rf the optical retardance for a 
0.4 mm thick sheet of plastic is 4 nm, the birefringence 
of the materials is 0.00001. For optical quality plastic 
sheet made by the method of the present invention, 55 
birefringence of a material is considered to be low if it is 
£0.0002, preferably £0.00005, and most preferably 
£0.00001. 



ShQStwaviness: 

[0097] Sheet waviness (Wy and Wq) was measured 
using a stylus profiler (Surfanalyzer System 5000, Fed- 
eral Products; Providence, Rhode Island) with a proce- 
dure similar to that of SEMI Standard D1 5-1 296. The 
measured profile was digitally filtered with a Gaussian 
long wavelength cutoff (8 mm). Wy is the difference 
between maximum and minimum values in an 20 mm 
sampling length, and Wq is the root mean square aver- 
age deviation of the filtered profile from the mean line 
calculated over 8 mm, and averaged over a 80 mm eval- 
uation length. For high quality sheet produced by the 
method of the present invention, Wy should be £2.0 u, 
preferably £1 .0 \i, and most preferably £0.5 u. 

Sheet roughness: 

[0098] Sheet roughness (Rq) was measured using 
a stylus profiler (Dektak 3-30, Veeco/Sloan; Santa Bar- 
bara, CA) with a procedure similar to that of SEMI 
Standard D7-94. The measured profile was digitally fil- 
tered with a Gaussian long wavelength cutoff (0.08 mm) 
and a short wavelength cutoff (0.0025 mm). The evalu- 
ation length was 0.4 mm. The roughness parameter 
(Rq) is the root mean square average deviation of the fil- 
tered profile from a mean line. The average value from 
three different measurements was reported. For high 
quality sheet produced by the method of the present 
invention, Rq should be £50 nm, preferably £10 nm, and 
most preferably £5 nm. 

Shrinkage: 

[0099] Shrinkage was determined by directly meas- 
uring the sample length before and after heat treatment. 
Multiple measurements were made to determine the 
length of a dry piece of plastic. The accuracy of the 
measurement was 0.005%. The sample was heated to 
a set temperature below its T g for 4 hours. Upon cooling 
to room temperature, the length was again determined 
by multiple measurements. The percentage change in 
length before and after the heating cycle was reported 
as the shrinkage. For high quality sheet produced by the 
method of the present invention, the shrinkage should 
be £0.10%, preferably £0.075%, and most preferably 
£0.05%. 

ggl Counting Test Method: 

[01 00] Gels counts were measured by projection of 
sheet defects onto a screen by means of an overhead 
projector. Nine 3x3 cm areas on each 400mm x 400mm 
sheet were subject to counting. The number of surface 
defects projected onto the screen within each of the 3x3 
cm squares was counted, and the numbers averaged to 
give a total gel count for the sample. 
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Claims 

1 . An optical storage medium comprising one or more 
layers of high quality plastic sheet; a reflective or 
semiref lective layer disposed on at least one side of 
the sheet; and optionally a protective layer dis- 
posed on at least one side of the sheet; wherein the 
plastic sheet is produced by the process comprising 
the steps of: 

a) providing molten plastic resin; 

b) directing the molten plastic resin to an over- 
flow die having an inlet and an outlet; 

c) shaping the molten plastic resin into a mol- 
ten web using said overflow die; 

d) guiding said molten web away from said 
overflow die; and 

e) cooling said molten web to form a solid 
sheet. 

2. The optical storage medium of claim 1 wherein the 
resin is a thermoplastic resin selected from the 
group consisting of: homopolymers or copolymers 
of acrylic acid, methacrylic acid and their esters; 
phenoxy ethers; polyphenylene oxide resins; cellu- 
losic resins; vinyl polymers; fluoropolymers; poly- 
styrenes; polyolefins; polysulfones; polyether 
sulfones; polyether ketones; polyether imides; 
polyphenylene sulfides; polyarylene ester resins; 
polyesters; homopolymers or copolymers of N-H 
and/or N-alkyl glutarimide; acrylonitrile-butadiene- 
styrene resins; styrene-acrylonitrile resins; styrene- 
maleic anhydride resins; imidized styrene-maleic 
anhydride resins; polyamides; polycarbonates; 
polycarbonate-polyesters; polyarylates; liquid crys- 
tal polymers; and mixtures thereof. 

3. The optical storage medium of claim 2, wherein the 
thermoplastic resin is selected from the group con- 
sisting of: polycarbonates; linear acrylic homopoly- 
mers and copolymers; cyclic polyolefins; and linear 
imidized acrylic homopolymers and copolymers. 

4. The optical storage medium of claim 2 wherein the 
resin is a polycarbonate or polycarbonate-polyester 
comprising of one or more bisphenols selected 
from the group consisting of bis(4-hydroxyphenyl) 
alkanes and cycloalkanes; bis(3-substituted-4- 
hydroxyphenyl) alkyl-cycloalkanes; bis(3,5-disub- 
stituted-4-hydroxyphenyl) alkylcycloalkanes, such 
as 2,2-bis(4-hydroxyphenyl)propane; 2,2-bis(3- 
methyl-4-hydroxyphenyl)propane; 2,2-bis(3,5- 
dimethyl-4-hydroxyphenyl) propane; 1 ,1-bis(4- 
hydroxyphenyl)cyclohexane; 2,2-bis(3-phenyi-4- 
hvdroxyphenyl)propane; 2,2-bis(3-isopropyl-4- 
hydroxyphenyl)propane; 2,2-bis(4-hydroxyphe- 
nyl)butane; 9,9-bis(4-hydroxyphenyl)fluorene; 9,9- 
bis(4-hydroxy-3-methylphenyl)f luorene; 1 , 1 -bis(4- 



hydroxyphenyl)-3,3,5-trimethylcyclohexane; 1,1- 
bis(4-hydroxyphenyl)-3,3-dimethylcyclohexane; 

1 . 1 - bis(3,5-dimethyl-4-hydroxyphenyl)-3,3,5-tri- 
methylcyclohexane; 1 ,3-bis(4-hydroxyphenyl)-5,7- 

5 dimethyladamantane; 1 , 1 -bis(4-hydroxyphenyl)-1 - 
phenylethane; 4,4'-dihydroxy-tetraphenylmethane; 

2.2- bis(4-hydroxyphenyl) propane; 6,6'-dihydroxy- 
3,3,3',3'-tetramethyl-1,1 -spiro(bis)indane; and 
mixtures thereof. 

10 

5. The optical storage medium of claim 2, wherein the 
thermoplastic resin is bisphenol A polycarbonate. 

6. The optical storage medium of claim 1 wherein the 
15 reflective layer is a metal. 

7. The optical storage medium of claim 6 wherein the 
metal is aluminum or gold. 

20 8. The optical storage medium of claim 1 wherein the 
protective layer is laquer or resin. 

9. The optical storage medium of claim 1 further com- 
prising a photopolymer layer. 

25 

10. The optical storage medium of claim 1 further com- 
prising a phase-change medium disposed between 
the sheet and the reflective or semiref lective layer. 

30 1 1 . The optical storage medium of claim 1 further com- 
prising a magnetooptica) layer disposed between 
the sheet and the reflective or semiref lective layer. 

12. The optical storage medium of claim 1 further com- 
35 prising information encoded thereon. 

1 3. The optical storage medium of claim 1 2 wherein the 
information is encoded in the form of pits or phase- 
change domains. 

40 

14. An apparatus for producing high quality plastic 
sheet, comprising: 

a) a source for providing molten plastic resin; 
45 b) an overflow die having a length and a width, 

comprising: 

a substantially egg-shaped cross-section 
culminating in an apex, 
so a conduit opening, and 

a metering arrangement connected with 
said conduit opening, 

wherein the molten plastic resin flows into 
the die through the conduit opening, out of 
55 the die through the metering arrangement, 

and around the sides of the die to form a 
molten web at said apex; 
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c) means for delivering said molten plastic 
resin from said source to said overflow die; 

d) guidance means for guiding said molten web 
away from said overflow die; 

e) means for filtering disposed between said 
delivery means and said overflow die; and 

f) means for mixing disposed between said fil- 
ter means and said overflow die. 

15. The apparatus of claim 14 wherein the filtering 
means is a disc filter. 

16. The apparatus of claim 14 wherein the mixing 
means is a rotary mixer. 

17. A substrate for liquid crystal display comprising a 
high quality plastic sheet having an electronic com- 
ponent disposed on at least one side of the sheet; 
wherein the plastic sheet is produced by the proc- 
ess comprising the steps of: 

a) providing molten plastic resin; 

b) directing the molten plastic resin to an over- 
flow die having an inlet and an outlet; 

c) shaping the molten plastic resin into a mol- 
ten web using said overflow die; 

d) guiding said molten web away from said 
overflow die; and 

e) cooling said molten web to form a solid 
sheet; 

provided that when the plastic resin is a polycar- 
bonate, it does not contain as bisphenol compo- 
nents (1) 1,1 -bis(4-hydroxyphenyl)-3,3,5- 
trimethylcyclohexane; (2) a mixture of 2,2-bis(4- 
hydroxyphenyl)propane and 1,1-bis(4-hydroxyphe- 
nyl)-3,3,5-trimethylcyclohexane; a blend of (1) and 
(2); or a blend of (1) or (2) with a second polycar- 
bonate containing as a bisphenol component 2,2- 
bis(4-hydroxyphenyl)propane. 

18. The substrate of claim 17 wherein the resin is a 
thermoplastic resin selected from the group con- 
sisting of: homopolymers or copolymers of acrylic 
acid, methacrylic acid and their esters; phenoxy 
ethers; polyphenylene oxide resins; cellulosic res- 
ins; vinyl polymers; fluoropolymers; polystyrenes; 
polyolefins; polysulfones; polyether sulfones; poly- 
ether ketones; polyether imides; polyphenylene 
sulfides; pdyarylene ester resins; polyesters; 
homopolymers or copolymers of N-H and/or N-alkyl 
glutarimide; acrylonitrile-butadiene-styrene resins; 
styrene-acrylonitrile resins; styrene-maleic anhy- 
dride resins; imidized styrene-maleic anhydride 
resins; polyamides; polycarbonates; polycar- 
bonate-polyesters; polyarylates; and mixtures 
thereof. 



19. The substrate of claim 17, wherein the thermoplas- 
tic resin is selected from the group consisting of: 
polycarbonates; linear acrylic homopolymers and 
copolymers; cyclic polyolefins; and linear imidized 

5 acrylic homopolymers and copolymers. 

20. The substrate of claim 17 wherein the resin is a 
polycarbonate or polycarbonate-polyester compris- 
ing one or more bisphenols selected from the group 

10 consisting of bis(4-hydroxyphenyl) alkanes and 
cycloalkanes; bis(3-substituted-4-hydroxyphenyl) 
alkyl-cycloalkanes;bis(3,5-disubstituted-4-hydroxy- 
phenyl) alkylcycloalkanes; 2,2-bis(3-methyl-4- 
hydroxyphenyl)propane; 2,2-bis(3,5-dimethyl-4- 

15 hydroxyphenyl)propane; 1 , 1 -bis(4-hydroxyphe- 
nyl)cyclohexane; 2,2-bis(3-phenyl-4-hydroxyphe- 
nyl)propane; 2,2-bis(3-isopropyl-4- 
hydroxyphenyl)propane; 2,2-bis(4-hydroxyphe- 
nyl)butane; 9,9-bis(4-hydroxyphenyl)fluorene; 9,9- 

20 bis(4-hydroxy-3-methylphenyl)f luorene; 1 , 1 -bis(4- 
hydroxyphenyI)-3,3-dimethylcyclohexane; 1,1- 
bis(3,3-dimethyl-4-hydroxyphenyl)-3,3,5-trimethyl- 
cyclohexane; 1 ,3-bis(4-hydroxyphenyl)-5,7<limeth- 
yladamantane; 1 , 1 -bis(4-hydroxyphenyl)-1 - 

25 phenylethane; 4,4'-dihydroxy-tetraphenyImethane; 
2,2-bis(4-hydroxyphenyl) propane; 6,6'-dihydroxy- 
3,3,3 ',3 '-tetramethyl-1 ,1 -spiro(bis)indane, and 
mixtures thereof. 

30 21. The substrate of claim 17 wherein the electronic 
component is selected from a layer of active elec- 
tronic devices and a conductive layer. 

22. The substrate of claim 17 wherein further compris- 
35 ing one or more layers of protective coatings, color 

filter coatings, or barrier coatings disposed between 
the plastic sheet and the electronic component. 

23. A magnetic storage medium comprising a high 
40 quality plastic sheet having a magnetic layer dis- 
posed on at least one side of the sheet; wherein the 
plastic sheet is produced by the process comprising 
the steps of: 

45 a) providing molten plastic resin; 

b) directing the molten plastic resin to an over- 
flow die having an inlet and an outlet; 

c) shaping the molten plastic resin into a mol- 
ten web using said overflow die; 

so d) guiding said molten web away from said 

overflow die; and 

e) cooling said molten web to form a solid 
sheet. 

55 24. The magnetic storage medium of claim 23 wherein 
the resin is a thermoplastic resin selected from the 
group consisting of: homopolymers or copolymers 
of acrylic acid, methacrylic acid and their esters; 
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32 



phenoxy ethers; polyphenylene oxide resins; cellu- 
losic resins; vinyl polymers; fluoropolymers; poly- 
styrenes; polyolefins; polysulfones; polyether 
sulfones; polyether ketones; polyether imides; 
polyphenylene sulfides; polyarylene ester resins; 
polyesters; homopolymers or copolymers of N-H 
and/or N-alkyl glutarimide; acrylonitrile-butadiene- 
styrene resins; styrene-acrylonitrile resins; styrene- 
maleic anhydride resins; imidized styrene-maleic 
anhydride resins; polyamides; polycarbonates; 
polycarbonate-polyesters; polyarylates; liquid crys- 
tal polymers; and mixtures thereof. 

25. The magnetic storage medium of claim 23 wherein 
the resin further comprises a stiffening agent. 
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26. The magnetic storage medium of claim 25 wherein 
the stiffening agent is selected from the group con- 
sisting of glass fibers, talc, silicon nitride, clay and 
mixtures thereof. 20 



f) cooling said molten web to form a solid. 

29. A light management film comprising a high quality 
plastic sheet having a structured surface, wherein 
the film is produced by the steps of: 

a) providing molten plastic resin; 

b) directing the molten plastic resin to an over- 
flow die having an inlet and an outlet; 

c) shaping the molten plastic resin into a mol- 
ten web using said overflow die; 

d) guiding said molten web away from said 
overflow die; 

e) cooling said molten web to form a solid 
sheet; and 

f) providing a structured surface to the sheet 
before, during or after cooling. 



27. A method of preparing an optical storage medium 
having information encoded thereon comprising the 
steps of producing a high quality plastic sheet by 
the process comprising the steps of: 25 



a) providing molten plastic resin; 

b) directing the molten plastic resin to an over- 
flow die having an inlet and an outlet; 

c) shaping the molten plastic resin into a mol- 30 
ten web using said overflow die; 

d) guiding said molten web away from said 
overflow die; 

e) cooling said molten web to form a solid 
sheet; 35 



coating the sheet with a polymer film; and encoding 
information on the coated sheet by embossing. 



28. A 3-dimensional optical storage medium compris- 40 
ing a high quality plastic sheet having dispersed 
therein one or more pigments, dyes or mixtures 
thereof, wherein the pigments, dyes or mixtures 
thereof undergo a change in optical properties 
locally upon exposure to light; wherein the optical 45 
storage medium is produced by the steps of: 



a) providing molten plastic resin; 

b) directing the molten plastic resin to an over- 
flow die having an inlet and an outlet; so 

c) shaping the molten plastic resin into a mol- 
ten web using said overflow die; 

d) combining the pigment, dye or mixture 
thereof with the molten plastic resin prior to 
shaping the molten resin into a web using said ss 
overflow die; 

e) guiding said molten web away from said 
overflow die; and 
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FIG. 3(A) 
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FIG. 3(B) 
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FIG.6(B) 



23 

~L~j - v — 



FIG.6(C) 



21 



EP0 999 033 A2 




FIG. 7(A) 



f777777x 




FIG. 7(B) 



22 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 0 999 033 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

20.02.2002 Bulletin 2002/08 

(43) Date of publication A2: 

10.05.2000 Bulletin 2000/19 

(21) Application number: 99308375.7 

(22) Date of filing: 22.10.1999 



(51) mt CI 7: B29C 47/14, B29C 47/50, 
B29C 47/88 



(84) 


Designated Contracting States: 


• Fields, Steven David 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Yardley, Pennsylvania 19067 (US) 




MC NL PT SE 


• Khanarian, Garo 




Designated Extension States: 


Princenton, New Jersey 08540 (US) 




AL LT LV MK RO SI 


• Stein, Alan Daniel 






Newton, Massachusetts 02465 (US) 


(30) 


Priority: 02.11.1998 US 184391 






25.05.1999 US 320121 


(74) Representative: Davis, Carole Amanda 






Rohm and Haas (UK) Limited European 


(71) 


Applicant: ROHM AND HAAS COMPANY 


Operations Patent Dept., Lennig House, 2 




Philadelphia, Pennsylvania 19106-2399 (US) 


Mason's Avenue 






Croydon, Surrey CR9 3NB (GB) 


(72) 


Inventors: 




• 


Daecher, Jeffrey Lawrence 






Slcklerville, New Jersey 08081 (US) 





(54) Process and apparatus for forming plastic sheet 



(57) Disclosed is an apparatus for formation of high 
quality plastic sheet in a continuous fashion. Also dis- 



closed are a variety of optical and electronic display ap- 
plications for high quality plastic sheet produced in a 
continuous fashion. 




Printed by Jouve, 75001 PARIS (FR) 



EP 0 999 033 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 99 30 8375 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


f*|| II II —I J ' ■ " ■' nil 1 MM ' ' 

UHD1 or oocumem wan majcauon, wrmn mpjMvpnum, 

ol relevant paaaaon 


RotovBirt 
todalm 


CLA88nCAH0N OF THE 
APPUCATWK (krtOL7> 


X 


EP 0 785 544 A (SAMSUNG ELECTRONICS CO 
LTD) 23 July 1997 (1997-07-23) 
* column 4, line 19 - line 22 * 


1-13 


B29C47/14 
B29C47/50 
B29C47/88 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 1997, no. 05, 

30 May 1997 (1997-05-30) 

& JP 09 026509 A (MITSUI T0ATSU CHEM INC), 

28 January 1997 (1997-01-28) 

* abstract * 


17-22 




X 


DATABASE WPI 

Section Ch, Week 198530 

Derwent Publications Ltd., London, GB; 

Class A85, AN 1985-181774 

XP002184135 

& JP 60 111335 A (DENKI KAGAKU K0GY0 KK), 
17 June 1985 (1985-06-17) 
* abstract * 


23-26 




X 


US 5 472 759 A (CHEN UENPENG ET AL) 
5 December 1995 (1995-12-05) 

* column 4, line 31 - line 42 * 

* column 5, line 53 - column 6, Hne 8 * 


28 


TECHNICAL HUM 
SEARCHED (WO 7) 






B29C 


X 


US 5 770 122 A (CURCH00 DONALD B) 

23 June 1998 (1998-06-23) 

* column 5, Hne 57 - Hne 62 * 


29 




A 


US 4 930 565 A (HACKNAN LLOY0 E ET AL) 
5 June 1990 (1990-06-05) 

* column 1, line 19 * 

* column 4, Hne 65 - column 5, Hne 18 * 

-/-- 


14 




The present March report has bean drawn up tor all dalmj 







THE HAGUE 



27 November 2001 



Attalla, G 



CATEGORY OF CITHD DOCLHUCMS 

X : partjouJarty relevant If taken alone 

Y : partcutarty relevant 0 combined with another 

document at to ibhv category 
A : teohnctooJosJ bedttjrnund 
O : non-wrtttsn dtsd osure 
P : biUninadati document 



T : toon/ or principle undertylrtfl the Invention 
E : earlier palert document, but published on, or 

after to Wing date 
D : document cried In the application 
L : document dted for other reasons 



a : member of the same Detent famly, corresponding 



2 



EP 0 999 033 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 99 30 8375 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cdagoiy 



Citation of document with I n dte a bon. where appropriate. 



Re4evarrl 

to datm 



CLASSIFICATION OF THE 
APPLICATION QntCLT) 



US 5 279 689 A (SHVARTSMAN FELIX P) 
18 January 1994 (1994-01-18) 

* column 2, line 67 - column 3, line 3 * 

* column 3, Hne 19 - line 22 * 

* column 8, line 35 - line 40 * 



27 



TECHNICAL FIELDS 

(lntCI.7) 



The present search report has been drawn up for all dalms 



THE HAGUE 



Data of oonpMton of tie aMroti 

27 November 2001 



Attalla, G 



CATEGORY OF CITED DOCUMENTS 

X : particularly retevam H taten afona 

Y : particularly relevant B combined wttn another 

docLnwrt of the iame category 
A : loohnaiaotdal b ac kground 
O : non-written dk 



T : fyoary or pHndpJc undedyhng thcjrwonrfton 
E : eanlar patent document, but p 
after fie ftlbig date 



4 published on, or 



O : documant rfted In the application 
L : document cited tor other reasons 



a : member of the same patent tern II y, corresponding 



3 



EP 0 999 033 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EURQeeAWRAlEKT Afl*yQAffiOMMCfc»< 



EP 99 30 8375 



This annex lists the patent family members relating to the patent documants ettad In tha above-mentioned European search report. 
The members are as oorrtaJned In tha European Patent Office EOP We on 

Trie Eurapeen Parent Office Is In no way S*to tor these particulars whtch ore merely given for th* purpose at trrforrnarjcn. 

27-11-2001 



Patent document 




Publication 






Patent family 


PuUJcatton 


cfted in search report 




date 










EP 0785544 


A 


23-07-1997 


EP 


0785544 Al 


23-07-1997 








JP 


9265660 A 


07-10-1997 


JP 09026509 


A 


28-01-1997 


NONE 






JP 60111335 


A 


17-06-1985 


NONE 






US 5472759 


A 


05-12-1995 


AU 


1432695 A 


03-07-1995 








CA 


2179177 Al 


22-06-1995 








EP 


0734574 Al 


02-10-1996 








WO 


9516994 A2 


22-06-1995 








us 


6045888 A 


04-04-2000 




US 5770122 


A 


23-06-1998 


NONE 


. 


- -t,-. r- 


US 4930565 


A 


05-06-1990 


AT 


34103 T 


15-05-1988 








CA 


1238465 Al 


28-06-1988 








0E 


3471025 Dl 


16-06-1988 








EP 


0147912 Al 


10-07-1985 








JP 


2009042 C 


11-01-1996 








JP 


7036938 B 


26-04-1995 








JP 


60130453 A 


11-07-1985 








NO 


844973 A ,B, 


17-06-1985 








US 


4813472 A 


21-03-1989 








US 


RE33327 E 


11-09-1990 


US 5279689 


A 


18-01-1994 


CA 


2020180 Al 


31-12-1990 








CN 


1050105 A ,B 


20-03-1991 








EP 


0405582 A2 


02-01-1991 








JP 


2956989 B2 


04-10-1999 








JP 


3116460 A 


17-05-1991 








KR 


9306352 Bl 


14-07-1993 








US 


5552009 A 


03-09-1996 








US 


5466319 A 


14-11-1995 








CA 


2034542 Al 


19-07-1991 








CN 


1054840 A 


25-09-1991 








DE 


69118413 Dl 


09-05-1996 








DE 


69118413 T2 


08-08-1996 








EP 


0439050 A2 


31-07-1991 








JP 


4212192 A 


03-08-1992 





For mora details about this annex see Official Journal ol the European Patent Office, No. 12/82 



4 



